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Cohort profile
AbstrACt
Purpose The Italian Network of Longitudinal Metropolitan 
Studies (IN-LiMeS) is a system of integrated data on health 
outcomes, demographic and socioeconomic information, 
and represents a powerful tool to study health inequalities.
Participants IN-LiMeS is a multicentre and multipurpose 
pool of metropolitan population cohorts enrolled in 
nine Italian cities: Turin, Venice, Reggio Emilia, Modena, 
Bologna, Florence, Leghorn, Prato and Rome. Data come 
from record linkage of municipal population registries, the 
2001 population census, mortality registers and hospital 
discharge archives. Depending on the source of enrolment, 
cohorts can be closed or open. The census-based closed 
cohort design includes subjects resident in any of the 
nine cities at the 2001 census day; 4 466 655 individuals 
were enrolled in 2001 in the nine closed cohorts. The 
open cohort design includes subjects resident in 2001 or 
subsequently registered by birth or immigration until the 
latest available follow-up (currently 31 December 2013). 
The open cohort design is available for Turin, Venice, 
Reggio Emilia, Modena, Bologna, Prato and Rome. Detailed 
socioeconomic data are available for subjects enrolled in 
the census-based cohorts; information on demographic 
characteristics, education and citizenship is available from 
population registries.
Findings to date The first IN-LiMeS application was the 
study of differentials in mortality between immigrants and 
Italians. Either using a closed cohort design (nine cities) 
or an open one (Turin and Reggio Emilia), individuals from 
high migration pressure countries generally showed a 
lower mortality risk. However, a certain heterogeneity 
between the nine cities was noted, especially among 
men, and an excess mortality risk was reported for some 
macroareas of origin and specific causes of death.
Future plans We are currently working on the linkage 
of the 2011 population census data, the expansion of 
geographical coverage and the implementation of the open 
design in all the participating cohorts.
IntroduCtIon 
The unequal distribution of the societal 
determinants is widely recognised to be at the 
root of health inequalities.1 2 Individual socio-
economic circumstances,3 economic turmoil 
and policies,4 5 and international migration 
flow,6 among others dynamics, interplay in 
shaping differential patterns of mortality and 
morbidity at the local and global levels.
Describing and monitoring socioeconomic 
inequalities in health are an essential step 
towards policy changes aimed at promoting 
fair outcomes across the population. However, 
information on individuals’ socioeconomic 
attributes is seldom available in health and 
strengths and limitations of this study
 ► The Italian Network of Longitudinal Metropolitan 
Studies (IN-LiMeS) is a powerful monitoring sys-
tem that integrates data on health outcomes, de-
mographic and socioeconomic attributes for nine 
Italian cities.
 ► The IN-LiMeS provides longitudinal information 
based on statistical, administrative and health data 
that have undergone coherence and validity checks 
and that are already available, minimising the costs.
 ► Detailed socioeconomic information is available only 
for subjects enrolled in the census-based closed 
cohorts.
 ► The IN-LiMeS enrolment is based on official admin-
istrative sources; therefore, in the studies focusing 
on immigrants’ health, those regularly present but 
not formally enrolled in any population register and 
undocumented immigrants are left out, limiting the 
generalisability of results.
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mortality data sources. In order to overcome this limita-
tion, in many European countries monitoring systems at 
national or subnational levels have been set up. These 
systems usually combine health information with indica-
tors of socioeconomic status (SES) retrieved from official 
statistics, administrative sources or surveys.7 8
Evidence accrued throughout the years generally high-
lighted an inverse relationship between SES and health 
outcomes.9–11 In terms of mortality, it has been reported 
that educational disparities increased until around the end 
of the 20th century all across Europe.12 Since then, rela-
tive inequalities widened in most Northern and Eastern 
European countries, while they remained substantially 
unchanged in cities and regions of Southern European 
countries usually included in international comparisons 
(Madrid, Barcelona and the Basque Country for Spain, 
and Turin for Italy).13 14
Studies on inequalities are usually either cross-sec-
tional or longitudinal. Cross-sectional studies are based 
on routine mortality or morbidity statistics, and use offi-
cial estimates of the population to obtain the denomi-
nators. These studies are common in the Baltic Sea and 
Eastern European countries.15 16 Longitudinal studies 
collect individual information on SES from official 
sources or surveys and follow the population up to death 
or migration. This design is mostly adopted in Northern, 
Western and Central European countries.17 Whereas in 
the Nordic countries data are usually available for the 
whole population,18 in France and the UK relevant infor-
mation is generally collected in representative samples 
of the national population through either cross-sectional 
surveys or longitudinal development of cross-sectional 
surveys.14 19 This is also the case in Italy, where longi-
tudinal extensions of the National Health Interview 
Survey have been set up following up the representative 
sample of the Italian population included in the survey 
through a record linkage with mortality and hospital 
discharge archives.20 In addition, census-based longi-
tudinal metropolitan studies (LMS) have been imple-
mented in some Italian cities since the 1980s.21–26 They 
integrate, for the resident population, individual infor-
mation coming from the population registers at munic-
ipal level with microdata from the census and from the 
health information system. The first LMS was established 
in Turin using the 1971 census cohort.25 Lately, other 
LMSs were set up, namely the Tuscan study (including 
Leghorn from 1981, Florence from 1991 and Prato from 
2001),23 the Emilian LMS (including Reggio Emilia from 
1991, Modena and Bologna from 2001),22 and the Rome 
and the Venice LMSs, which both started with the 2001 
census.21 26 Figure 1 part A provides an overview of the 
LMSs operating before the 2001 census. The LMSs have 
already worked, independently or in collaboration with 
the others, to investigate socioeconomic inequalities in 
health.22 27–31 Currently, other cities across the country are 
in the process of linking sociodemographic and health 
data in order to create their own LMS.
In order to enhance and coordinate these nationwide 
efforts, the Italian Network of Longitudinal Metropol-
itan Studies (IN-LiMeS) has been officially created and 
included in the National Statistical Programme.32
The aim of the IN-LiMeS is to create a harmonised 
system of cohorts that provides a powerful, coherent 
and nationally widespread source of integrated data on 
morbidity and mortality outcomes, demographic and 
socioeconomic information, and denominators through 
the exact estimation of person/time at risk.
In this paper we describe the data collection and the 
data harmonisation process undertaken by the partic-
ipating cohorts. Furthermore, we present the results of 
the first application of this network, namely the anal-
ysis of differentials in mortality between Italians and 
Figure 1 Structure of the Italian Network of Longitudinal Metropolitan Studies (IN-LiMeS) and of the participant longitudinal 
metropolitan studies (LMSs): population entries and exits and availability of data.
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immigrants. We also present the features of the open and 
closed cohorts, the two different study designs that can be 
applied with the available data.
Cohort desCrIPtIon
setting, coverage and sources
The IN-LiMeS is a multicentre and multipurpose pool of 
metropolitan population cohorts enrolled in nine Italian 
cities, namely Turin, Venice, Reggio Emilia, Modena, 
Bologna, Florence, Leghorn, Prato and Rome. The 
number of inhabitants in these cities ranges from 140 000 
to 2.5 million; they are located in northern and central 
areas of the peninsula.
The IN-LiMeS functions as an integrated monitoring 
system that gathers demographic, socioeconomic and clin-
ical information at individual level. The minimum core of 
population data (ie, the standard information required to 
participate in the network) includes four sources: (1) the 
municipal population register, (2) the archives of the 2001 
population census from the National Institute of Statistics 
(ISTAT), (3) the archives of mortality registers and (4) 
the electronic health records, namely hospital discharge 
archives. The population register databases include exact 
dates of registration (birth and/or immigration) and 
cancellation (emigration and/or death) for each indi-
vidual. Therefore, they keep a dynamic and updated 
record of all inhabitants’ residential histories, including 
episodes of emigration, reimmigration and/or death. 
The estimated level of accuracy of the population regis-
tration system is higher than 99% nationally.33 The Italian 
National Health Service is tax-funded and has universal 
coverage. All Italian citizens, legal foreign residents and, 
to a certain extent, undocumented migrants are entitled 
to receive hospital inpatients care free of charge and the 
use of private care is negligible.34 Therefore, the hospital 
discharge archives ensure virtually complete coverage of 
the inpatient care provision to the resident population.35
The population register, the 2001 census, the mortality 
and the hospital discharge records are combined, at the 
individual level, through stepwise deterministic record 
linkage procedures. The linkage between the population 
registers and the census is performed using a specific set 
of keys (codes of the census questionnaire). The linkage 
rates, calculated as the proportion of subjects who were 
legal residents according to the official 2001 census figures 
and those retrieved in the population registers, were 98% 
for Venice, Bologna and Modena, 97% for Reggio Emilia, 
96% for Turin, 92% for Prato, and 84% for Florence, 
Leghorn and Rome. We generally found no difference 
in the gender distribution and a small difference in the 
age distribution: the proportion of subjects in the oldest 
age groups was slightly higher among those for whom 
the linkage was unsuccessful than those enrolled in the 
closed cohort. The linkage with health databases follows 
different methodologies in each city, depending on the 
characteristics of local administrative archives. In the 
case of the mortality register, the linkage rate was around 
98% for all cities but Prato (91%); deaths retrieved in the 
population register but not found in the mortality register 
are kept and classified as ‘population-register-only’.
Confidentiality is guaranteed through the deletion 
of personally identifiable information from individual 
records and the assignment of internal IDs to allow 
the linkage of multiple data source. The inclusion in 
the National Statistical Programme complies with the 
national legislation on the processing of personal data 
for statistical and scientific research purposes, for both 
IN-LiMeS and each single LMS.32
Cohort design
The most recent IN-LiMeS cohorts’ enrolment started at 
the 2001 census day (21 October 2001); at that time, all the 
cities together counted around five million inhabitants 
who represented about 9% of the Italian population. The 
choice of the study design, closed or open (figure 1 part 
B), mainly depends on three key elements: the research 
question, the availability of the SES information and the 
possibility for each LMS to acquire dynamic information 
on the new entries from the population registers. Most 
of the SES indicators are available only for subjects who 
took part in the decennial census; therefore, if the main 
interest were to study the relationship of SES with health, 
a census-based cohort would be the natural choice. This 
study would have a closed design in which all subjects are 
enrolled at the same point in calendar time, that is, 2001 
census date. In these closed cohorts, individuals can exit 
(ie, death or emigration) but new entries are not allowed. 
On the other hand, an open cohort design gives the possi-
bility of accounting for the changing dynamics of the 
population, although only a few indicators of SES may be 
available. In the open cohort design, enrolment is based 
on municipal population registers and members can 
enter (ie, newborn or new residents) and leave (ie, death 
or emigration) the cohort over time. Eligible individuals 
are those who have resided in the cities at any time since 
the 2001 census day until the latest available follow-up 
update. Turin and Reggio Emilia were the first two 
cohorts that became open. To date, also Venice, Modena, 
Bologna, Prato and Rome can adopt this design, while 
Florence and Leghorn are still working on the acquisition 
and harmonisation of information on new entries from 
the population registers. Follow-up data are currently 
available for all cohorts but Rome until 31 December 2013 
(latest follow-up available for Rome, 31 December 2012). 
Future updates include the addition of the 2011 census 
data, a periodical update of the follow-up for the new 
entries and exits (including mortality data), and the 
opening of the remaining cohorts.
Measurements
IN-LiMeS gathered a rich range of information on socio-
demographic characteristics and health outcomes. In 
table 1 we summarise the variables useful to study health 
inequalities that are currently available in a harmonised 
form, with their data sources.
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Demographic information comes mainly from munic-
ipal population registers and includes birth or subsequent 
registration and death or emigration dates, place of birth, 
in addition to residence address, household composition, 
educational level and key variables necessary for record 
linkage with census. Holding birth or registration dates, 
and death or emigration dates allows the estimation of 
the exact person-time at risk for each individual in the 
cohort.
Citizenship is used to define the migration status 
according to a geographical classification that groups 
together people from high migratory pressure countries 
(HMPC: Central-Eastern Europe, North Africa, Sub-Sa-
haran Africa, Asia except for Israel and Japan, and Central 
and South America)36 and those from complementary 
highly developed countries (HDC).
As shown in table 1, socioeconomic attributes currently 
available for the resident population who took part in 
the decennial 2001 census encompass information on 
education, occupation, marital status and household 
conditions; they pertain to and measure different dimen-
sions of the socioeconomic stratification.37 They can be 
derived at individual, household and small area levels. An 
example of the former is the occupational class, which 
can be based on a neo-Weberian classification and results 
from the combination of information on occupational 
position and type of work activity.38 An example of the 
latter is the Italian Deprivation Index that has been exten-
sively used in epidemiological research to measure social 
and material deprivation at municipal or census block 
level.39 A subset of SES indicators is potentially retriev-
able also from the population registers; an analysis of the 
consistency of these variables between the census, which 
we generally consider a gold standard, and the popula-
tion registers is underway.
Details on mortality and health outcomes come from 
the mortality register and the electronic health records, 
respectively. Mortality registers collect the cause of death, 
coded according to the 9th or the 10th revision of the 
International Classification of Diseases (ICD), depending 
on the year of death and when the transition between 
the two revisions occurred in the mortality register of 
each city.40 Hospital discharge archives include up to five 
diagnoses and procedures coded according to the 9th 
Table 1 Italian Network of Longitudinal Metropolitan Studies data sources and available variables
Data sources
Population 
register 2001 census
Mortality 
register
Hospital 
discharge archive
Demographic information 
  Gender √ √ √ √
  Date of birth √ √ √ √
  Place of birth √ √  √ √
  Citizenship √ √ √ √
  Civil status √ √
  Date of immigration in the municipality √
  Date of emigration from the municipality √
Socioeconomic characteristics 
  Educational level √* √ √
  Occupational condition √
  Occupational class √
  Housing characteristics (ownership, dwelling structure 
and dimensions, sanitary equipment, heating system)† √
  Household overcrowding† √
Health outcomes 
  Date of death √ √
  Cause of death √
  Date of hospital admission √
  Date of hospital discharge √
  Main diagnosis of hospital admission √
  Type of admission (inpatient or day-hospital) √
  Comorbidities √
*Educational level from population registers is currently available in the cohorts of Turin, Venice, Reggio Emilia, Modena and Bologna.
†Information available only for non-institutionalised individuals.
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revision of the ICD-Clinical Modification, dates of admis-
sion, discharge, wards of inpatient stay and dates of each 
transfer between wards or hospitals. Hospital discharges 
enable the calculation of hospitalisation rates, length of 
stay for each admission episode and comorbidity scores 
through an analysis of the hospitalisation history of each 
individual.41
baseline characteristics
For descriptive purposes, the demographic and socio-
economic characteristics of the 4 466 655 individuals 
enrolled at the 2001 census day in the nine closed cohorts 
are reported in table 2.
In all cities, women outnumbered men and their age 
distribution was visibly shifted towards older ages. The 
gender-specific age distribution was generally comparable 
between the cohorts, although inhabitants of Reggio 
Emilia, Leghorn, Prato and Rome were slightly younger 
than the average. The distribution of the educational 
level in people aged more than 30 years differed between 
cohorts, as it was for the occupational status for those aged 
30–64. Housing conditions, in the cohorts for whom this 
information was available, differed by city; overcrowding 
was the highest in Turin and the lowest in Reggio Emilia. 
Immigrants from HMPCs made up approximately 2.5% 
of the total populations, with the exception of Modena, 
where about 5% of subjects enrolled came from HMPCs. 
The population structure by age and gender of immi-
grants differed between cohorts, but it was consistently 
different from the native population (data not shown). 
This observation led to limit the population included in 
the analyses comparing immigrants with Italians to the 
age range 1–64 years. Lastly, immigrants from HDCs 
generally represented less than 0.5%.
FIndIngs to dAte
The study of immigrant health had a central role in initi-
ating the IN-LiMeS collaborative network, and its first 
application was the study of differentials in mortality 
between immigrants and Italians. Indeed, migration is a 
keenly debated topic in Italy: during the last decade, it 
has reshaped the demography at national level, and the 
migration process, from its inception to the arrival in the 
country of destination, is a relevant social determinant of 
population’s health.42 In addition, there is scanty evidence 
on immigrants’ mortality in Italy and, when available, it is 
based on cross-sectional studies.43
Individual were classified as immigrants if they had 
a citizenship of any of the HMPCs. Residents with citi-
zenship from HDCs were not included in the analysis 
as they represent a very small population subgroup and 
are deemed to be comparable with natives in terms of 
sociodemographic and health patterns.44 As previously 
mentioned, only individuals aged 1–64 years during the 
follow-up time were analysed because subjects over 65 
years are strongly under-represented among immigrants 
in Italy, and infant mortality patterns may differ between 
Italians and foreigners.
We studied the association between immigrant status 
and all-cause mortality in the nine IN-LiMeS cities using a 
closed cohort design with enrolment at 21 October 2001 
and follow-up until 31 December 2013. Table 3 reports 
the number of events, person-years and mortality rate 
ratios (MRRs) estimated through Poisson regression 
models (adjusted for 5-year age groups, calendar years 
and stratified by sex). Individuals contributed with over 
32 359 000 person-years. Immigrants’ contribution 
to person-time at risk was low, ranging from 1.1% in 
Leghorn to 5.7% in Modena for men, and from 1.4% in 
Leghorn to 5.6% in Modena for women. Accounting for 
the different age structure, the all-cause mortality risk was 
generally lower for immigrants than for Italians (MRR for 
men: 0.77, 95% CI 0.65 to 0.89; MRR for women: 0.79, 
95% CI 0.71 to 0.88), although a certain heterogeneity 
was noted. Among men, immigrants residing in Venice 
showed a marked reduction in the risk (MRR 0.35, 
95% CI 0.17 to 0.70), while those residing in Modena an 
indication of excess mortality (MRR 1.17, 95% CI 0.87 to 
1.56) (P value from the heterogeneity χ 2 test=0.02). The 
advantage among immigrant women seems to be mostly 
minimal with some exceptions (P value from the hetero-
geneity χ2 test=0.47). The mortality risk was significantly 
lower among female immigrants living in Florence or 
Rome (MRR 0.36, 95% CI 0.14 to 0.97; MRR 0.79, 95% CI 
0.68 to 0.91, respectively). At the same time, a non-signif-
icant excess of risk appeared among immigrant women 
living in Modena, Leghorn or Prato (MRR 1.04, 95% CI 
0.70 to 1.55; MRR 1.08, 95% CI 0.51 to 2.27; MRR 1.11, 
95% CI 0.71 to 1.73, respectively).
We also evaluated differences in all-cause and cause-spe-
cific mortality between Italians and immigrants adopting 
an open cohort approach in Turin and Reggio Emilia, 
which were the two cohorts that first became open. 
Results of the study are reported in a paper by Pacelli 
et al.31 In summary, all-cause mortality was lower among 
immigrants than Italian residents in the two cities (MRR 
for men: 0.82, 95% CI 0.75 to 0.90; MRR for women: 0.71, 
95% CI 0.63 to 0.81). Nonetheless, an excess mortality 
risk among immigrants was observed for Sub-Saharan 
African men and women, and for specific death causes, 
namely infectious diseases, some site-specific cancers and 
homicide.
strengths And lIMItAtIons
The IN-LiMeS is a network of metropolitan longitudinal 
studies pooled together to create a harmonised moni-
toring system. The study relies on routine data collected 
mostly for statistical, administrative and health planning 
purposes that have undergone coherence and validity 
checks, minimising the costs and ensuring quality of the 
information at the national level. The planned expan-
sion of the information sources in order to study other 
outcomes through the linkage with birth certificates, 
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Table 3 Number of individual at risk, deaths, person-years, and mortality rate ratios - MRRs - with their 95% confidence 
interval (95% CI) by gender, immigration status and city, age 1–64 years, follow-up period 2001–2013
Male Female
Italian Immigrants† Italian Immigrants†
Turin 
  Individual at risk 300 469 13 518 307 526 12 936
  Deaths 7629 153 4705 94
  Person-years 2 874 743.3 140 999.3 2 956 878.9 134 702.3
  MRR (95% CI) 1 0.70 (0.60 to 0.83) 1 0.81 (0.66 to 0.99)
Venice 
  Individual at risk 97 883 1919 98 307 1535
  Deaths 2468 8 1517 10
  Person-years 871 259.5 15 280.0 875 641.9 12 695.6
  MRR (95% CI) 1 0.35 (0.17 to 0.70) 1 0.83 (0.45 to 1.55)
Bologna 
  Individual at risk 122 681 5476 127 379 5735
  Deaths 2797 57 1979 36
  Person-years 1 104 049.8 49 117.0 1 152 190.6 53 294.1
  MRR (95% CI) 1 0.83 (0.64 to 1.08) 1 0.74 (0.53 to 1.03)
Modena 
  Individual at risk 62 615 4037 62 847 3836
  Deaths 1308 48 838 26
  Person-years 585 493.6 34 567.7 595 517.3 34 648.3
  MRR (95% CI) 1 1.17 (0.87 to 1.56) 1 1.04 (0.70 to 1.55)
Reggio Emilia 
  Individual at risk 50 767 3069 50 808 2801
  Deaths 1074 27 642 16
  Person-years 494 782.5 29 019.4 499 821.1 27 371.7
  MRR (95% CI) 1 0.70 (0.48 to 1.03) 1 0.81 (0.50 to 1.33)
Florence 
  Individual at risk 105 350 1987 109 650 2030
  Deaths 1791 12 1255 4
  Person-years 799 713.1 14 239.6 830 355.5 14 700.9
  MRR (95% CI) 1 0.84 (0.47 to 1.48) 1 0.36 (0.14 to 0.97)
Leghorn 
  Individual at risk 50 257 589 50 452 698
  Deaths 1137 7 694 7
  Person-years 509 703.5 5857.9 512 721.1 7392.3
  MRR (95% CI) 1 0.76 (0.36 to 1.59) 1 1.08 (0.51 to 2.27)
Prato 
  Individual at risk 60 666 3270 60 826 3002
  Deaths 1266 29 768 20
  Person-years 597 873.3 29 359.7 602 311.4 27 570.9
  MRR (95% CI) 1 0.92 (0.64 to 1.34) 1 1.11 (0.71 to 1.73)
Rome* 
  Individual at risk 806 705 19 120 849 977 24 325
  Deaths 16 444 232 10 833 191
Continued
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pathology registers (eg, cancer registries, diabetes regis-
tries) and the emergency care information system will 
enhance the informative capability of the study.
The performance of record linkage between different 
sources of data can be considered good overall, although 
we noticed that the linkage rate between the popula-
tion registers and the census is slightly lower among the 
oldest age groups. The potential bias introduced by an 
age-related differential linkage performance is likely to 
be minimal; moreover, extreme ages are usually excluded 
from analyses on health inequalities,3 45 unless specific 
hypotheses want to be tested.46
One of the main weaknesses is that most of the SES 
information is available from censuses and therefore only 
for the census closed cohorts, that is, only for the individ-
uals resident at the census date. In the open cohorts, that 
is, the individuals enrolled independently of their pres-
ence at the census date, we only have information that 
could be retrieved from the population registers, namely 
educational level, civil status, citizenship, residence and/
or household composition, depending on the quality and 
coverage of that information in the single studies. In addi-
tion, details of the socioeconomic attributes from census 
data date back to 2001; to overcome this limitation, 
acquisition and linkage with the 2011 population census 
are underway in most of the cohorts. Furthermore, the 
closed census-based cohort study is not the ideal design 
to study neonatal and maternal health outcomes. Indeed, 
because the recruitment virtually happens on a single day 
(eg, the census day), only few newborns can be actually 
enrolled and all the children in their first year of life who 
are present at the census day represent the survivors of 
the neonatal mortality. This limitation will be overcome 
by using an open design, which allows the enrolment of 
all newborns, to study maternal and infant mortality and 
morbidity.
To date, the network only includes cities located in 
the northern and central areas of the country, hindering 
the comparison of socioeconomic health inequalities at 
the national level, which have been previously shown to 
exist.47 Inclusion of other LMSs is a priority of the network 
and therefore it is in the pipeline.
Specific issues have to be acknowledged in the appli-
cation of IN-LiMeS for the study of immigrants’ health. 
The first one is that IN-LiMeS enrolment is based on offi-
cial administrative sources and only those who are offi-
cially resident and registered can be tracked and followed 
up. Therefore, in the studies focusing on the immigrant 
population, two categories of immigrants are inherently 
left out: people regularly present in Italy who are not 
formally enrolled in any population register (eg, seasonal 
workers) and undocumented immigrants. These two 
groups are roughly estimated to be around 400 000 each 
(0.7% of the Italian population).48 This selection bias 
needs to be borne in mind and results from the IN-LiMeS 
cannot be applied to the whole immigrant population.
Moreover, we acknowledge that closed cohorts based 
on the 2001 enrolment (the current available inclu-
sive data set of the entire network) do not adequately 
capture the dynamics of the migration flows. There-
fore, we are currently working on building open cohorts 
in all the participant cities in order to account for the 
massive growth of immigrants in the resident population 
that occurred in the first decade of the years 2000 and 
the changes in terms of sex and geographical areas of 
immigrants’ origin.49 In order to estimate the statistical 
power of the closed cohorts and its potentially achievable 
increase by opening the cohorts, we conducted a simu-
lation on a subsample of the IN-LiMeS cohorts (Turin, 
Venice, Reggio Emilia, Florence, Rome, and pooled) 
(online supplementary appendix table 1). Results showed 
that if we were interested in estimating differences 
between Italian and immigrant men in all-cause mortality 
(incidence rate 1–4 cases/1000 person-years) with an 
open cohort design, the pooled cohorts would have an 
80% power to detect a difference as small as 5%, with 
an alpha error of 0.05, while with the closed cohort the 
minimum detectable difference would be 9%. If we were 
instead interested in estimating differences in a common 
cause of death, such as lung cancer (ie, incidence rate 
2 cases/10 000 person-years), switching between closed 
and open design would allow to pass from 26% to 14% in 
the smallest detectable effect size among the men of the 
pooled cohorts.
Male Female
Italian Immigrants† Italian Immigrants†
  Person-years 7 515 681.0 181 382.0 7 934 580.0 233 861.0
  MRR (95% CI) 1 0.83 (0.73 to 0.94) 1 0.79 (0.68 to 0.91)
Overall‡ 
  MRR (95% CI) 1 0.77 (0.65 to 0.89) 1 0.79 (0.71 to 0.88)
  P value 0.020 0.472
*Follow-up from 21 October 2001 to 31 December 2012.
†Individuals with citizenship from high migratory pressure countries.
‡MRRs obtained from meta-analysis with random effects and P values from heterogeneity Χ² test.
Table 3 Continued 
 o
n
 26 M
arch 2019 by guest. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2017-020572 on 20 April 2018. Downloaded from 
10 Caranci N, et al. BMJ Open 2018;8:e020572. doi:10.1136/bmjopen-2017-020572
Open Access 
Other specific limitations and biases, which arise when 
studying immigrants’ health, have been extensively 
discussed elsewhere.31
In conclusion, despite its limitations, IN-LiMeS 
represents a powerful integrated system to monitor and 
document the impact of socioeconomic circumstances on 
people’s health, including immigrants’ health. Strategic 
priorities of the network are (1) the inclusion of new 
metropolitan cohorts in order to expand its geographical 
coverage, (2) the acquisition of additional information 
sources in order to enhance the informative capability, 
and (3) the implementation of an open design in all 
the participating cohorts in order to keep up with the 
changing population dynamics and to increase the statis-
tical power of the study.
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